TI-31284 



1/25 



MODE 


DATA RATE 
(Mbps) 


TARGET 
APPLICATION 


RECEIVER 
SENSITIVITY 


POWER CONSUMPTION ('2001) 


Rx AVERAGE 


Tx AVERAGE 


MODE 1.0 
(BLUETOOTH) 


1 Mbps 




O'r ODIN 


25 mW 


15 mW 


MODE 2.0 


2.6-3.9 Mbps 


AUDIO 


-78 dBm 


30 mW 


20 mW 


MODE 3.0 


22-44 Mbps 


VIDEO, 
COMPUTER 
GRAPHICS 


-69 dBm 


95 mW 


60 mW 



FIG. 1 



CONFIGURATION 1: 
AUDIO AND INTERNET 
STREAMING APPLICATIONS 



CONFIGURATION 2: 
VIDEO, COMPUTER 
GRAPHICS 



MODE 1.0 
(BLUETOOTH) 



^MODE 2.0, RATE 
2.6-3.9 Mbps 



MODE 1.0 
(BLUETOOTH) 



\MODE 3.0, RATE" 
22-44 Mbps 



FIG. 2 



FREQUENCY OFFSET 


TRANSMIT POWER 


+/- 550 kHz 


-20 dBc 


|M-N|=2 


-20 dBm 


|M-N|>=3 


-40 dBm 



FIG. 4 



TI-31284 



2/25 



PARAMETERS 


MODE 1 
(BLUETOOTH) 


MODE 2 


FREQUENCY HOPPING 


1600 Hz 


SAME AS BLUETOOTH 


FILTER SPECTRUM 




SAME AS BLUETOOTH 


MODULATION 


GFSK 


16, 64 QAM 


MAXIMUM DATA RATE 


1 Mbps 


2.6, 3.9 Mbps 


ACQUISITION 




USING MODE 1 THEN 
SWITCH TO MODE 2 


TRANSMIT POWER 


0 dBm 


0 dBm, 6 dBm 


DISTANCE 


10 m 


10 m 


NOMINAL PACKET 
ERROR RATE 


10% 


10% 


MARGIN + NOISE 
FIGURE 


37 dB 


37 dB 


RECEIVER SENSITIVITY 


-84 dBm 


-84, -78 dBm 


CODING 


ARQ 


ARQ + CONVOLUTIONAL 
CODE ACROSS PACKETS 



FIG. 3 



MASTER AND SLAVE 
IN MODE 1. NEGOTIATE TO 
ENTER MODE 2 OF HIGH 
SPEED TRANMISSION 




MASTER AND SLAVE 
TRANSMIT AND RECEIVE IN 
MODE 2. CAN NEGOTIATE TO 
ENTER BACK INTO MODE 1 




MODE 1 



MODE 2 



MODE 



FIG. 5 



■ TIME 



TT-31284 



LSB 



20 
SYMBOLS 



32 
SYMBOLS 



3/25 

27 
SYMBOLS 



0-1780 
SYMBOLS 



MSB 



PREAMBLE 


SYNC WORD 


HEADER 


PAYLOAD 


30.8 /zsec 


49.2 /isec 


41.5ji£sec 


0-2738 ysec 


20 BITS 


64 BITS 


54 BITS 


0-7120 BITS FOR 16 QAM 



FIG. 6 



0-10680 BITS FOR 64 QAM 




^2 



FIG. 7 M0DE 

M - 



MASTER 



MODE 2 
MODE 1 



M 


Si 


M 


s 2 


M 


S3 


M 


Si 


M 


s 2 


M 


S3 


MODE 
1 


MODE 

1 


MODE 
2 


MODE 
2 


MODE 
1 


MODE 

1 


MODE 
1 


MODE 
1 


MODE 
2 


MODE 
2 


MODE 
1 


MODE 
1 



FIG. 8 time 



SET AUTOMATIC GAIN 
CONTROL (AGC) AND 
ACQUIRE SYMBOL TIMING 
USING PREAMBLE 





ACQUIRE 




DO CHANNEL 












SYNC WORD 




ESTIMATION 




RECEIVE 




RECEIVE 




AND PACKET 




USING 




HEADER 




PACKET 




TIMING 




SYNC WORD 











FIG. 9 



TI-31284 



4/25 









o 




UJ 




m Li-" 






UJ X 


MPl 









CO 



CO 



§ 1 



Hi 



m p o 

a: uj 
rsi ^ ^ 
^■O :< 

o q: 

o o 

rv lu 

u 5 

~ r 

CO I— 

tz => 
ao o 



I 



TI-31284 



TRANSMITTER, 
DATA BITS 



5/25 



120 - 



RATE 1/2, K=5 
ENCODING 

I 



FIG. 12 



121 RECEIVER 




COMBINE DATA AND 
PARITY BITS. DO 
VITERBI DECODING 



DISCARD PREVIOUS 
PACKET. REQUEST ARQ 



1202 



NO 




PASS DATA TO 
HIGHER LAYER 

-1200 



CRC 
CORRECT 



YES 



1201 



PASS DATA TO 
HIGHER LAYER 



TI-31284 



6/25 



1203^1 



1208- 



INCOMING 
PACKET > 
DATA 



1204-^ 



VITERBI 
DECODER 



1209- 



BUFFER 



CRC 



1*1 



-1207 



TO 
- HIGHER 
LAYER 



CONTROLLER 



1205 



FIG. 12A 



-1206 



nak/ack to 

transmitter 



1211- 



COUNTER 



1217 
POINTER / 



UNCODED DATA , 



ENCODER 



NAK>- 



TOGGLE , 



1210 



ACK 



CLR 



F/F 



1212 



FIG. 12B 



BUFFER 



DATA 



-1213 



1215 



PARITY 
y—[ — _ OUTGOING 



1214 



PACKET DATA 



4000 
3500 
3000 





2500 


KILOBITS 


2000 


PER SECOND 




1500 




1000 




500 




0 



MODE 2:16 QAM 

MODE 2:64 QAM 

BLUETOOTH 



MODE 2 i „ 

THROUGHPUT" 

^ J33.. 



• MODE 2- 
; THROUGHPUT 




'lO 12 14 16 18 20 22 24 26 28 30 

FIG. 13 Eb/N ° (dB) 



TI-31284 



7/25 



PARAMETERS 


1 


2 


3 


4 


5 


FILTER 
SPECTRUM 


802.11b 


802.11b 


802.11b 


802.11b 


802.11b 


MODULATION 


GPSK 


QPSK 


16 QAM 


16 QAM 


16 QAM 


SCRAMBLING 
CODE LENGTH 


256 


256 


256 


256 


256 


PHYSICAL 
DATA RATE 


22 Mbps 


22 Mbps 


44 Mbps 


44 Mbps 


44 Mbps 


CODING 


RATE 1/2, 
TURBO (SCCC) 


NONE 


RATE 1/2, 
TURBO (SCCC) 


RATE 3/4, 
TURBO (SCCC) 


NONE 


ARQ 


OPTIONAL 


OPTIONAL 


OPTIONAL 


OPTIONAL 


OPTIONAL 


MAXIMUM 
DATA RATE 


11 Mbps 


22 Mbps 


22 Mbps 


33 Mbps 


44 Mbps 


TRANSMIT 
POWER 


-1 dBm 


8 dBm 


4 dBm 


8 dBm 


15 dBm 


DISTANCE 


10 m 


10 m 


10 m 


10 m 


10 m 


BIT ERROR 
RATE 


1e-8 


1e-8 


1e-8 


1e-8 


1e-8 


PACKET 
ERROR RATE 


1e-4 


1e-4 


1e-4 


1e-4 


1e-4 


MARGIN + 
NOISE FIGURE 


37 dB 


37 dB 


37 dB 


37 dB 


37 dB 


RECEIVER 
SENSITIVITY 


-85 dBm 


-76 dBm 


-80 dBm 


-76 dBm 


-69 dBm 


FREQUENCY 
DIVERSITY 


BAND 
SELECTION 


BAND 
SELECTION 


BAND 
SELECTION 


BAND 
SELECTION 


BAND 
SELECTION 


SYMBOL 
RATE 


11 Msps 


11 Msps 


11 Msps 


11 Msps 


11 Msps 


SPREADING 


11 Mcps 


11 Mcps 


11 Mcps 


11 Mcps 


11 Mcps 



FIG. 14 



TI-31284 



8/25 





MAAlMUIv] 

DATA RATE 


MODULATION 


SYMBOL 
RATE 


CODING 


SPREADING 


18 


18 Mbps 


QPSK 


18 Msps 


RATE 1/2 


18 Mchips/sec 


19 


36 Mbps 


QPSK 


18 Msps 


RATE 1 


18 Mchips/sec 


20 


36 Mbps 


16 QAM 


18 Msps 


RATE 1/2 


18 Mchips/sec 


21 


54 Mbps 


16 QAM 


18 Msps 


RATE 3/4 


18 Mchips/sec 


22 


72 Mbps 


16 QAM 


18 Msps 


RATE 1 


18 Mchips/sec 



FIG. 1 4A 



141 



213 
TO 



. BAND QUALITY INFORMATION^ 


MODULATION 
AND CODING 
MAPPER 


' / 

142 MODULATION AND 
CODING INFORMATION 




^-143 



FIG. 1 4B 



PARAMETERS 


6 


7 


8 


9 


10 


FILTER 
SPECTRUM 


802.11b 


802.11b 


802.11b 


802.11b 


802.11b 


MODULATION 


QPSK 


QPSK 


QPSK 


QPSK 


QPSK 


SCRAMBLING 
CODE LENGTH 


256 


256 


256 


256 


256 


PHYSICAL 
DATA RATE 


22 Mbps 


22 Mbps 


22 Mbps 


22 Mbps 


22 Mbps 


CODING 


RATE 1/2, 
TURBO 


RATE 2/3, 
TURBO 


RATE 3/4, 
TURBO 


RATE 4/5, 
TURBO 


RATE 5/6, 
TURBO 


ARQ 


OPTIONAL 


OPTIONAL 


OPTIONAL 


OPTIONAL 


OPTIONAL 


MAXIMUM 
DATA RATE 


11 Mbps 


14.67 Mbps 


16.5 Mbps 


17.6 Mbps 


18.33 Mbps 



FIG. 14C 



TI-31284 



9/25 




TI-31284 



10/25 




Tl-31284 



11/25 



TIME (msec) 



FIG. 19 



0 25 
4 



250 275 

-a — k- 



500 525 



MODE 1 MODE 3 / MODE l\ MODE 3 MODE 1 



MODE 3 



COMMUNICATE WITH 
OTHER BLUETOOTH - 
DEVICES (PAGING, ETC) 



17.5 
msec 



7.5 V 

i msec i 



SELECT GOOD 22 MHz 
"BAND USING PLS 



FIG. 1 9 A 



TO/FROM 
COMMUNICATION - 
APPLICATION 



193~ 



MODE 
CONTROLLER 



-195 



-192 







MODE 1 
XCVR 


^197 














MODE 3 
XCVR 






^198 




TO/FROM 
OTHER 
XCVR(s) 



FIG. 20 



PREAMBLE 


ACCESS CODE 


4 BITS 


64 BITS 



-7.5 msec- 



-5.0 msec- 



-2.5 msec- 



16 MASTER TO SLAVE PACKETS 8 SLAVE TO MASTER 

OF 312.5 /^ec AT 3200 Hz PACKETS OF 312.5 /zsec 

AT 3200 Hz 

FIG. 21 



TI-31284 



12/25 



TO 

198" 



SELECTED BAND 



SELECTION PACKETS 



CORRELATION 
VALUES 



212- 



HOP FREQUENCY 
INFORMATION 



PROBE PACKETS 
AND/OR FREQUENCIES 

SELECTION PACKETS 
AND/OR FREQUENCIES 



FREQUENCY 
BAND 
MAPPER 



BAND 
QUALITY 
DETERMINER 



PROBE AND 
SELECTION 
CONTROLLER 



T 



-214 



215 



213 



BAND 
SELECTOR 



-216 



-211 



FIG. 21 A 




Tl-31284 



13/25 



ZZ I 


DETERMINE n, k, T 1 J 2 Jpi_s 












222-^- 


MODE 1 FOR T r T pLS 






1 


223-^- 


DETERMINE n PROBE FREQUENCIES 
WITHIN AVAILABLE BW 








224--- 


TRANSMIT A PROBE PACKET 
ON EACH PROBE FREQUENCY 






1 


225-^- 


RECEIVE PROBE PACKETS 
AND OBTAIN CORRESPONDING 
FREQUENCY CHANNEL 
QUALITY INFORMATION 








226-^ 


USE FREQUENCY CHANNEL QUALITY 
INFORMATION TO PRODUCE 
BAND QUALTIY INFORMATION 








227-" 


SELECT FREQUENCY BAND BASED 
ON BAND QUALITY INFORMATION | 




* —i 


228-" 


TRANSMIT k SELECTION PACKETS 
ON k DIFFERENT FREQUNCIES | 




1 


229- 


MODE 3, USING SELECTED 
BAND, FOR T 2 





J 



FIG. 21 B 





ACCESS CODE 


CHANNEL EDGE 


PREAMBLE 


FREQUENCY INDEX 


4 BITS 


64 BITS 


6*3=18 BITS 



FIG. 22 



TI-31284 



14/25 



MASTER TO SLAVE 

T 2 



-f- 



\/ V 

200 200 
/isec Msec 



H 1 1 h 



MASTER 
TO SLAVE 



V 

200 
//sec 



V 

200 
fisec 



ONE WAY COMMUNICATIONS 
WITH NO ARQ 



MASTER 
TO SLAVE 



MASTER 
TO SLAVE 



111 H 



ONE WAY COMMUNICATIONS WITH ARQ 

. t 2 — 



ARQ PACKETS 

> FROM SLAVE 

— 5>TO MASTER 
-V 100 jtisec 
IN LENGTH 



MASTER SLAVE TO 

TO SLAVE , MASTER ■ TO SLAVE 



x> 1 ^ ' ' ' ' 1 

^ TWO WAY COMMUNICATIONS 

Msec Msec jpjQ £ 4A 



TI-31284 



15/25 




NO 






ALL ^\ 








PACKETS RECEIVED^; 


2410 






\ CORRECTLY? / 


















NO 


SEND REQUEST 




FOR ARQ 




















SEND REQUESTED 








PACKETS 




CD 




S 

! 2405 



PASS DATA TO 
HIGHER LAYER, 
AND SEND ARQ 
TO MASTER 



REQUEST ARQ OF THE 
PACKETS WHOSE CRC 
DID NOT CHECK 



-2430 




TI-31284 



16/25 



241 



FROM 
RECEIVER 



INCOMING 




BUFFER 






SUPERPACKET DATA 




CRC 





TO 

TRANSMITTER " 



FROM 
RECEIVER 



TO 

TRANSMITTER " 



243- 



ARQ OUT 



245- 



247- 



-242 



REGISTER 



ARQ 
GENERATOR 



ARQ IN 246 > 


ARQ 




RECEIVER 



BUFFER 



244 
1 > 



LOGIC 



TO 
►HIGHER 
LAYER 



-248 



FIG. 24C 



OUTGOING rpnu 
SUPERPACKET DATA,. ^™" R 

LAYER 



LSB 



0-2184 SYMBOLS MS B 



PAYLOAD CRC 



16 QAM: 8736 BITS 32 BITS 

QPSK: 4368 BITS 



FIG. 25 



22 
SYMBOLS 



32 
SYMBOLS 



27 
SYMBOLS 



PREAMBLE 
2 jusec 



SYNC WORD 
2.9 /isec 



HEADER 
2.45 /isec 



44 BITS 



64 BITS 

FIG. 26 



54 BITS 



Tl-31284 



17/25 




; <=> I— 



CD 

P — " to 
hr o O 

5 £ CO 



I — CO 



J L 



CO 



TI-31284 



18/25 



MPEG2 HDTV VIDEO TRANSMISSION USING MODE 3 


VIDEO DATA RATE 


18 Mbps 


VIDEO FRAMES/SEC 


24 


VIDEO FRAMES/MODE 3 SLOT 


6 


MODE 3 DATA RATE 


44 Mbps, 11 MSPS 


CODING 


RATE 1/2, TURBO 


MODULATION 


16 QAM 


TIME IN BLUETOOTH MODE (T 1 msec) 


25 msec 


TIME IN BLUETOOTH MODE FOR OTHER DEVICES 


17.5 msec 


TIME IN BLUETOOTH MODE FOR PAL 


7.5 msec 


SLOT TIME IN MODE 3 (T 2 msec) 


225 msec 


MODE 3 PACKET SIZE 


4.4 Kbits 


DATA BITS/PACKET 


4368 


CRC BITS/PACKET 


32 


MODE 3 PACKET LENGTH 


200 /zsec 


NUMBER OF PACKETS/SLOT 


1030 


LENGTH OF TRAINING SEQUENCE 


81 SYMBOLS, 7.36 jLisec 


NUMBER OF PACKETS/TRAINING SEQUENCE 


10 


NUMBER OF PACKETS/ARQ 


100 


NUMBER OF TRAINING SEQUENCES/PACKET 


103 


TIME REQUIRED TO TRANSMIT 
VIDEO FRAMES (NO ARQ) 


204.5+1.5+0.76=206.76 msec 


ARQ RATE 


9% 


TIME REQUIRED TO TRANSMIT 
VIDEO FRAMES WITH ARQ 


225 msec 



FIG. 28 



Tl-31284 



19/25 



> ^ ce: ri 



35 



ro ^ 

IE 



s O o 







DER, 
ULATIC 




<C Q 




UJ 




J 




ILER 




1 








1 


OS 


URBO 
CODER 


1— UJ 


ci 






CRC 
CHECK 




\ 

tn 




CD O 





X 



TI-31284 



Im 



20/25 



Im 



(0,1) X 


X (0,0) 


(0,0) X 


X(1,0) 


(1,1)X 


-Re 

X(1,0) 


(0,1 )X 


X(1.1) 



►Re 



S;=0 



Si=1 



FIG. 32 



lm 



Im 



(0,0,1)^ 


(0,0,0) 

~~^X (1,0,0) 


(0.1.1)/ 








(0.1. o)*^ 
(1.1.0) 


^*(U1) 


Si 


=0 




FIG. 


Im 


(0,0,0,0) (0,0,0,1) 
X x 


(0,0,1,1) (0,0,1,0) 
X x 


(0,1,0,0) (0,1,0,1) 
X X 


(0,1,1,1) (0,1,1,0) 
X X 

-Re 


X X 

(1,1,0,0) (1,1,0,1) 


X x 

(1,1,1,1) (1.1.10) 


X x 

(1,0,0,0) (1,0,0,1) 

s 


X x 

(1,0,1,1) (1,0,1,0) 

=0 



(1,0,0)^ 


£.0.1) 
^X(1.1.1) 


(0.0,0)/ 








(0,0,1)*^ 


<^*(0.1.0) 


(0.1.1) 




Si 


=1 



im 



(0,0,1,0) (0,1,1,0) (1,1,1,0) (1,0,1,0) 



(0,0,1,1) (0,1,1,1) 
X x 



X x 

(0,0,0,1) (0,1,0,1) 



X x 

(0,0,0,0) (0,1,0,0) 



(1.1,1,1) (1,0.1,1) 
X x 



-Re 



X X 

(1,1,0,1) (1,0,0,1) 



X x 

(1,1,0,0) (1,0,0,0) 



Si =1 



FIG. 33 



TI-31284 



MAGNITUDE 



21/25 



r 



2T S 3T S 4T S 5T S 6T S 7T S 8T S 9T S 10T S TIME 

FIG. 34 



I — ' 




MMSE 
EQUALIZER 


350 

s. 


BLOCK 
DFE 


351 

s, 


SOFT 
DECISIONS 


Q — T - 









3 ? 2 BIT SOFT DECISIONS 
^TO THRESHOLD DEVICE 
OR TO TURBO DECODER 



FIG. 35 





360 


MAP 




EQUALIZER 





361 



BIT 

PROBABILITIES 

FIG. 36 



362 



BIT PROBABILITIES TO 
THRESHOLD DEVICE OR 
TO TURBO DECODER 




FIG. 37 



TI-31284 



22/25 



: \ 0 0 — 



-*-QPSK RATE 1/2 SCCC 
-a-QPSK UNCODED 
— *— 16-QAM RATE 1/2 SCCC 
-G-16-QAM RATE 3/4 SCCC 
— 0— 16-QAM UNCODED 



E b /N 0 (dB) 



POTT 



V *; x 

1 \ X 



....\ ... 



QPSK RATE 1/2 SCCC 
-a-QPSK UNCODED 

16-QAM RATE 1/2 SCCC 
-G- 16-QAM rate 3/4 SCCC 
— 0-- 16-QAM UNCODED 



6 8 10 12 14 16 
E b /N 0 (dB) 

FIG. 39 



TI-31284 



23/25 




0 2 4 6 8 10 12 14 16 
E b /N 0 (dB) 



FIG. 40 




E b /N 0 (dB) 



FIG. 41 



TI-31284 



24/25 




FIG. 43 



TI-31284 
25/25 




